Diamond-Blackfan anaemia (DBA) is a rare cause of bone marrow failure. The incidence of malignancy and endocrine complications are increased in DBA, relative to other inherited bone marrow failure syndromes. We describe an adult woman with DBA who developed osteoporosis and avascular necrosis (AVN) of both distal femora. Such endocrine complications are not uncommon in DBA, but under-appreciated, especially in adulthood. Further, rectal adenocarcinoma was diagnosed at age 32 years, requiring hemi-colectomy and adjuvant chemotherapy. Elevated cancer risk may warrant disease-specific screening guidelines. Genetic predictors of extra-haematopoetic complications in DBA are yet to be established.
Background
Diamond-Blackfan anaemia (DBA) is a rare disease resulting in pure red cell aplasia (1) . DBA most commonly arises secondary to haplo-insufficiency of the RPS19 gene, resulting in a dysfunctional ribosomal protein (2) . After identification of RPS19 in 1999, further genetic mutations have been described (3) . Approximately half of all cases are inherited in an autosomal dominant fashion, with the remainder being sporadic or via other inheritance patterns (4) .
DBA is typically glucocorticoid responsive, and chronic therapy remains the treatment mainstay (5) . The mechanism of the therapeutic effect is unknown, but is distinct from immunosuppressant effects. Responders cannot be reliably identified phenotypically-or genotypically. Prednisone doses are tapered to the lowest required to maintain acceptable haemoglobin levels, with great inter-individual variations in the dose required. Duration of therapy is also variable and poorly predictable, with some patients developing glucocorticoid refractoriness and others eventual remission (5, 6) . Endocrine complications may be present in over half of affected patients, related to chronic glucocorticoid use or recurrent transfusion and secondary iron overload (7) . Furthermore, congenital anomalies and predisposition to malignancy commonly form part of the clinical spectrum (8, 9) .
We report the case of a 45-year-old woman with DBA who developed osteoporosis and avascular necrosis (AVN), as well as invasive rectal cancer.
Case presentation
The diagnosis of DBA was made via bone marrow biopsy at 6 months of age after presenting with failure to thrive. The pathogenic mutation has not been established. Variable dose glucocorticoids were used in a cyclical pattern since diagnosis: initially 5 mg for 2 days, 14 days off (age 12-20 years); 5 mg for 3 days, 10 days off (age 21-35 years); 15 mg for 3 days, 10 days off (age 35-44 Years), with a short period of haemoglobin instability at age 20 years necessitating prednisone doses up to 25 mg daily for a period of 12 months. Since age 44 years, cautious reductions have been undertaken to 12.5/14.5/14.5 mg on three consecutive days with 10 days off, ~ 0.05 mg/kg/day), without anaemia relapse. Further dose reduction trials are to be undertaken under close medical supervision.
Endocrine assessment occurred at age 30 years, where multiple endocrine complications related to chronic glucocorticoid use were evident, including central adiposity, osteoporosis and multi-centric avascular necrosis. Bone mineral density testing demonstrated osteopenia of the femoral neck and lumbar spine. There was no history of fracture. Apart from glucocorticoids, secondary causes of osteoporosis were excluded. Calcium and vitamin D supplementation were commenced. At age 33 years, a decline in bone mineral density prompted initiation of oral bisphosphonate therapy with alendronate 70 mg weekly. Serial bone mineral density measurements improved, and alendronate was ceased after 18 months of therapy (Table 1) .
Atraumatic bilateral knee pain developed at age 39 years. Dedicated radiographs were unremarkable. Magnetic resonance imaging showed a 2.5 × 1.2 cm area of AVN in the left lateral femoral condyle ( Fig. 1) , with additional foci in the right lateral and medial femoral condyles. Bisphosphonate therapy was reconsidered, but not recommenced, as bone turnover markers remained suppressed. Radionuclide bone scan did not show any evidence of active bone devascularisation, and follow-up MRI demonstrated stable bone architecture.
At age 33 years, a tubular adenocarcinoma of the rectum was detected, managed with low anterior resection and cautious adjuvant 5-fluorouracil chemotherapy. Anatomical pathology showed evidence of intramural and extramural spread with perineural invasion. Immunoperoxidase staining was positive for MLH1, MSH2 and MSH6, indicating a low likelihood of microsatellite instability. Surveillance colonoscopies have been clear of disease since, and tumour markers remain undetectable. There is no family history of colon cancer. Mid-life extra-haematopoetic features of DBA
Discussion
DBA is an established ribosomopathy resulting in hypoplastic anaemia and bone marrow failure. Treatment usually involves long-term glucocorticoid therapy and in a subset of patients, recurrent transfusions are required. Treatment-related adverse effects are increasingly recognised among this patient population due to their survival into mid-and later-life. Data are emerging on the endocrine complications in later life: American DBA registry data reported that 53% (n = 57) had one or more endocrine complication (7), most commonly adrenal insufficiency (32%), hypogonadism (29%) and hypothyroidism (14%). Vitamin D deficiency was reported in 57%. Few data have been published on bone health in DBA, despite the strong association between chronic glucocorticoid use and bone loss (10) . For example, the previously mentioned study evaluated bone density in only a small subset (15%) (7), and pathological fractures were separately reported in 22% (8) . Similarly, a Japanese study of 57 DBA patients treated with prednisone and/or stem cell transplantation reported glucocorticoid-related complications in 22% (11) . The majority of reported data are derived from a paediatric population, with limited data specific to adult patients and leaving the true prevalence and burden of glucocorticoid-induced bone loss relatively unknown. Further, to our knowledge, there are no data published on responses to standard osteoporosis treatments in DBA. As such, documentation of cases demonstrating beneficial effect of short-term bisphosphonate in mid-adulthood and complications such as multi-centric AVN contribute to the picture of bone health in survivors.
AVN is an under-recognised complication of DBA, despite its strong association with glucocorticoid use (10). The overall incidence rate of glucocorticoid-associated AVN has been estimated to be up to 25% (12) . At present, there are only four other reported cases of AVN in DBA: a 17-year-old man with bilateral osteonecrosis of the femoral heads who progressed to bilateral total hip replacement (13) , atraumatic AVN of the patella in an adult woman (14) and two additional cases reported incidentally as part of larger studies examining other aspects of DBA (7, 15) .
DBA is associated with an increased incidence of cancer, which occurs at a lower median age compared to the general population (16) . Until recently, information regarding cancer risk in DBA was limited to case reports and small case series. The majority of reported cases were haematological, and it was considered that solid tumour malignancies were relatively less common. However, recent prospective registry data in 608 patients reported 17 malignancies over 9458 person-years follow-up (16) . Documented solid organ cancers included colonic adenocarcinoma (3 cases), sarcoma (3 cases), breast cancer (2 cases), squamous cell carcinoma (2 cases) and single cases of melanoma, uterine, cervical and testicular cancer. Haematological malignancies included myelodysplasia (4 cases), acute myeloid leukaemia (3 cases) and non-Hodgkin lymphoma (1 case). Taken together, DBA is associated with a 5.4-fold increase in cancer risk compared to the general population, with the odds ratio being the highest for MDS (237.0) and colonic adenocarcinoma (36.2) (16).
Reduced cancer-related survival has also been described. Neutropaenic sepsis and marrow suppression result in chemotherapy delay, contributing to the poor outcomes seen in comparison to a DBA-unaffected population (16) . As in our patient, the three reported cases of colonic adenocarcinoma in the DBA registry cohort occurred at relatively young ages (34, 43 and 49 years) (16) . In one case (age 34 years), there was a known RPS19 gene mutation, whereas the clinical genetics were unknown for the other 2 affected individuals (16) . To date, no clear association between genetic defect and future cancer risk in DBA has been established, with over 50% of DBA cases being attributable to mutations in 17 genes coding various ribosomal proteins (17) . It is unclear whether additional cancer screening (faecal occult blood testing, colonoscopy, breast examination/ultrasound, etc.) should be performed at an earlier age in people with DBA compared with the general community and whether it might improve outcomes.
Endocrine complications are common in DBA, with chronic glucocorticoid therapy being a strong aetiologic factor. Osteoporosis, fragility fractures and atraumatic AVN are under-recognised and underreported complications, especially in adult survivors with DBA. To our knowledge, this is the first reported case of AVN affecting the distal femur in a patient with DBA and one of few reports documenting osteoporosis, treatment and monitoring with recurrent bone mineral density measurements. As glucocorticoids are the mainstay of DBA treatment, case reports such as this highlight the need for clinical vigilance in managing bone health in DBA patients. Complaints of bone and/or joint pain should prompt screening with targeted magnetic resonance imaging. It remains unclear whether DBA predisposes to bone loss in its own right, but irrespective, osteoporosis screening with bone mineral densitometry should be undertaken and repeated at regular intervals to ensure early identification and treatment of glucocorticoid-induced bone loss. Additionally, other secondary causes of osteoporosis (i.e. hypogonadism, vitamin D deficiency) should be screened and treated when present. DBA conveys a predisposition to solid organ and haematological malignancy, often at ages much younger than those seen in the general population. Current population-based recommendations for cancer screening are unlikely to adequately serve this patient population, and disease-specific guidelines may be required. There is currently no reliable way to predict which patients will develop cancer. Further research into clinical and genetic predictors of malignancy in DBA is needed.
Patient's perspective
The patient wishes to acknowledge the pioneering work of Prof Darcy O'Gorman Hughes , whose clinical acumen in accuracy of diagnosis in the absence of today's technologies and care through childhood impacted immensely and positively on her health and flourishing in everyday life.
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